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SEMICONDUCTOR INTEGRATED CIRCUIT, 
SYSTEM BOARD AND DEBUGGING 

SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is based upon and claims the bene?t of 
priority from the prior Japanese Patent Application No. 
2000-402630 ?led on Dec. 28, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a semiconductor integrated 

circuit, a system board and a debugging system, and more 
particularly relates not only to a semiconductor integrated 
circuit Which comprises a plurality of microprocessors 
mounted on a single semiconductor substrate, can monitor 
and control each of the microprocessors independently, and 
organically debug the microprocessors but also to a system 
board for mounting the semiconductor integrated circuit and 
a debugging system having the system board. 

2. Description of the Related Art 
FolloWing recent improvements in a semiconductor pro 

cessing technique, a system LSI (eg an ASIC (application 
speci?c integrated circuit)) Which includes a plurality of 
microprocessor cores mounted on a single semiconductor 
substrate such as a silicon chip and is intended for a speci?c 
use has been extensively developed. Such a multi-processor 
is developed for the folloWing reasons. The transaction of 
the system LSI is divided into a plurality of tasks. Processors 
Which are optimum for the respective tasks are simulta 
neously operated. This is effective in extensively improving 
a data processing speed. Further, the microprocessors are 
mounted on the single silicon chip, Which can doWnsiZe the 
system LSI. 
A system LSI applied to a multimedia or especially a 

system LSI Which performs image compression/extension is 
required to compute a great amount of data and complete to 
process the data on a real time basis. In order to meet these 
requirements, it is conceivable to provide combined hard 
Ware circuits in the system LSI, or to constitute the system 
LSI using a multiprocessor. The latter is popular at present 
as described hereinafter. 

In the case of the image compression/expansion, the 
system LSI constituted by the multiprocessor is easy to 
divide the transaction into a plurality of tasks, and to process 
them using a pipeline technique due to dependence of 
information. Further, the system LSI can assign different 
tasks to one processor by using a time sharing system, so that 
it is not necessary to provide a plurality of dedicated 
hardWare circuits. In short, the number of dedicated hard 
Ware circuits can be reduced. Still further, the system LSI is 
compatible With modi?cations of a speci?cation or algo 
rithm by making ?rmWare reWritable. This means that the 
system LSI itself can easily improve its performance, and 
that a user can easily improve the performance of the system 
LSI. 

HoWever, the system LSI including a plurality of micro 
processors mounted on the single silicon chip seems to suffer 
from a problem related to debugging system design. Such a 
problem Will be described hereinafter With reference to FIG. 
1 and FIG. 2 shoWing debugging systems 60 and 70, 
respectively. 

Referring to FIG. 1, a debugging system 60 is usually 
provided not only With a serial port in order to debug 
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2 
microprocessors 604 and 605 but also a user target system 
600 to be debugged and a debugging tool 620 to execute a 
debugging task. The user target system 600 includes a 
system LSI 601 Where the microprocessors 604 and 605 are 
integrated, an internal memory 602 connected to the system 
LSI 601, and an I/O interface circuit 603. 

The system LSI 601 includes the microprocessors 604 and 
605, a debugging module 606, a memory controller 608, a 
direct memory access (DMA) controller 609 and an I/O 
controller 610, all of Which share the internal main bus 607 
and are mutually connected. The debugging module 606 is 
connected to the debugging tool 620 via an external debug 
interface 62. Each of the microprocessors 604 and 605 is 
provided With a processor core 611 and a bus interface unit 
612. The debugging module 606 is provided With a serial I/F 
613 and an exclusive control semaphore 614. 

The system LSI 601 does not have a special debug support 
unit but can execute debug control using a debugging 
softWare program, Which is supplied from the debugging 
tool 620 to the serial I/F 613 of the debugging module 606 
via the external debug interface 62, and is visible as a 
memory image on the internal main bus 607. In the fore 
going system LSI 601, the debugging program happens to be 
simply stored in an external user memory. AnyWay, the 
exclusive control semaphore 614 is usually provided in the 
system LSI 601 in order to prevent collision of access to of 
data resources in Which both the microprocessors 604 and 
605 synchronously gain access to the serial port of the 
debugging module 606. 

Referring to FIG. 1, the debugging system 60 seems to be 
problematic in the folloWing respects. 

(1) First of all, there is a problem of hoW to debug bugs 
caused When the microprocessors 604 and 605 syn 
chronously gain access to the same data resource. 
Especially, a con?icting state of the internal main bus 
607 is a very important piece of information for locat 
ing bugs, should remain as it is, and should be observed 
at the time of debugging. Further, debugging should be 
performed even When the con?icting state becomes 
serious and the internal main bus 607 is in deadlock. 

In the debugging system 60, a debugging softWare pro 
gram itself is hoWever supplied from the debugging tool 620 
via the debugging module 606 and the internal main bus 
607, so that the con?icting state is destroyed and cannot be 
observed. Precisely, the debugging program cannot be 
started until the internal main bus 607 is freed from the 
deadlock. 

(2) The internal main bus 607 usually gains access only to 
the microprocessor 604 or 605. As a result, there is a 
time difference betWeen instructions provided to the 
microprocessors 604 and 605, so that the microproces 
sors 604 and 605 may not operate synchronously. 
Especially When a user mode is changed to a debugging 
mode or When the debugging mode is changed to the 
user mode, it is necessary to maintain relative positions 
Where the program should be executed in the micro 
processors 604 and 605 during the transition. 

HoWever, When the user mode is resumed after the 
debugging mode, only one of the microprocessors 604 and 
605 is able to provide the instruction and perform memory 
access. It is assumed here that the microprocessor 604 is 
instructed to return to the user mode prior to the micropro 
cessor 605. In this case, the microprocessors 604 and 605 
receive return instructions at different times, Which means 
that it is impossible to correctly knoW the relative positions 
to execute the debugging program. 
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(3) The microprocessors 604 and 605 gain access to the 
debugging module 606 via the internal main bus 607, 
Which is not authorized to give the access right to only 
the microprocessor 604 or 605. 

The debugging program is created assuming that the 
microprocessors 604 and 605 impartially execute the pro 
gram. Therefore, it is impossible to enable only the micro 
processor 604 or 605 to continuously eXecute the debugging 
program With preference. This Would reduce the execution 
ef?ciency of the debugging program. 

(4) The debugging system 60 should ef?ciently control 
the microprocessors 604 and 605 in order to assure its 
reliable debugging performance. For this purpose, the 
debugging system 60 has to determine Which the 
microprocessor 604 or 605 gains access thereto via the 
internal main bus 607. 

HoWever, the microprocessors 604 and 605 cannot be 
independently controlled at the time of debugging. 
Therefore, it is necessary to selectively operate the micro 
processor 604 or 605 using softWare Which contains infor 
mation peculiar to the microprocessors 604 and 605. Such a 
selective operation is necessary for the microprocessor 604 
to be controlled, for example, but is not required at all for the 
other microprocessor 605. 

Referring to FIG. 2, a debugging system 70 comprises 
microprocessors 704 and 705, and a debugging module 
Which offers a debugging function to an eXternal unit When 
either the microprocessor 704 or 705 is operated. Further, 
the debugging system 70 includes a user target system 700 
and a debugging tool 720, similarly to the debugging system 
60 shoWn in FIG. 1. 

The user target system 700 includes a system LSI 701, an 
internal memory 702 connected to the system LSI 701, and 
an I/O interface circuit 703. 

The system LSI 701 is provided With the microprocessors 
704 and 705, a debugging module selector 706, a memory 
controller 708, a DMA controller 709, and an I/O controller 
710. The circuits eXcept for the debugging module selector 
706 share the internal main bus 707 and are mutually 
connected. The debugging module selector 706 is connected 
to the debugging tool 720 via an eXternal debug interface 72. 
Each of the microprocessors 704 and 705 is provided With 
a processor core 711, the debugging module 712, a bus 
interface unit 713, and a debug support unit 714. 

Therefore, the foregoing system LSI 701 can offer a 
debugging program Without using the internal main bus 707. 
Further, debugging functions of the microprocessors 704 
and 705 can be independently controlled. The debugging 
system 70 can overcome the problems (1), (3) and (4) of the 
debugging system 60. 

HoWever, the debugging system 70 is difficult to solve the 
problem (2), and still seems to have the folloWing problems. 

(1) The debugging tool 720 gains access to the internal 
memory 720 via the internal main bus 707 in response 
to instructions of the microprocessor 704 or 705, Which 
Would reduce an effective transferring speed of the 
debugging program. 

(2) In the debugging system 70, and especially in the 
system LSI 701, the microprocessors 704 and 705 
include the debugging modules 712, respectively, 
Which unnecessarily enlarges the system LSI 701, and 
increases a manufacturing cost thereof. Further, the 
user target system 700 and debugging system 70 Would 
be enlarged and increase their manufacturing costs. 

In summary, the debugging system 60 in FIG. 1 has the 
folloWing problems: (1-1) it is not possible to observe the 
con?icting state of the internal main bus 607 When the single 
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4 
debugging module 606 for assisting the debugging task uses 
the softWare in order to perform debugging control to the 
microprocessors 604 and 605 Which share the internal main 
bus 607 of the system LSI 601; (1-2) it is impossible to 
accurately knoW the relative positional relationship of the 
debugging programs; (1-3) the microprocessor 604 or 605 
cannot operate continuously; and (1-4) the microprocessor 
604 or 605 should be selectively operated using the softWare 
Which includes information peculiar to these microproces 
sors 604 and 605. 

Further, the debugging system 70 in FIG. 2 has the 
problems: (2-1) it is not possible to accurately knoW the 
relative positional relationship of the debugging programs; 
(2-2) the effective transferring speed of the debugging 
programs is reduced; (2-3) the circuit con?guration is inevi 
tably enlarged; and (2-4) the manufacturing costs are 
increased. 

SUMMARY OF THE INVENTION 

In accordance With a ?rst aspect of the invention, there is 
provided a semiconductor integrated circuit comprising: an 
internal main bus; ?rst and second microprocessors sharing 
the internal main bus; a ?rst debug serial bus With one end 
thereof connected to the ?rst microprocessor; a second 
debug serial bus With one end thereof connected to the 
second microprocessor; and a debugging module connected 
to the other ends of the ?rst and second debug serial buses 
and transferring at least a debugging program and debugging 
data to the ?rst microprocessor via the ?rst debug serial bus 
and to the second microprocessor via the second debug 
serial bus. 

According to a second aspect of the invention, there is 
provided a system board comprising: a Wiring board; a 
semiconductor integrated circuit Which comprises an inter 
nal main bus, ?rst and second microprocessors sharing the 
internal main bus, a ?rst debug serial bus With one end 
thereof connected to the ?rst microprocessor, a second 
debug serial bus With one end thereof connected to the 
second microprocessor, and a debugging module connected 
to the other ends of the ?rst and second debug serial buses 
and transferring at least a debugging program and debugging 
data to the ?rst microprocessor via the ?rst debug serial bus, 
and to the second microprocessor via the second debug 
serial bus; and a memory mounted on the Wiring board and 
storing at least debugging data. 

In accordance With a third aspect of the invention, there 
is provided a debugging system comprising: a Wiring board; 
a semiconductor integrated circuit Which is mounted on the 
Wiring board and comprises: an internal main bus; ?rst and 
second microprocessors sharing the main internal bus; a ?rst 
debug serial bus With one end thereof connected to the ?rst 
microprocessor; a second debug serial bus With one end 
thereof connected to the second microprocessor; and a 
debugging module connected to the other ends of the ?rst 
and second debug serial buses and transferring at least a 
debugging program and debugging data to the ?rst micro 
processor via the ?rst debug serial bus, and to the second 
microprocessor via the second debug serial bus; a memory 
mounted on the Wiring board and storing at least debugging 
data; and a debugging tool connected to the debugging 
module of the semiconductor integrated circuit. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is a block diagram of a debugging system of the 
related art. 



US 6,918,058 B2 
5 

FIG. 2 is a block diagram of another debugging system of 
the related art. 

FIG. 3 is a block diagram of a debugging system accord 
ing to the embodiment of the present invention. 

FIG. 4 is a block diagram of a debugging module used in 
the debugging system shoWn in FIG. 3. 

FIG. 5 is a block diagram of a microprocessor used in the 
debugging system of FIG. 3. 

FIG. 6 is a block diagram of a bus interface unit of the 
microprocessor in the debugging system of FIG. 3. 

FIG. 7 is a block diagram of an external debug interface 
of the debugging module of FIG. 4. 

FIG. 8 to FIG. 13 are ?oWcharts shoWing the operation of 
the debugging system of the embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention Will be described With reference to a 
semiconductor integrated circuit, a system board and a 
debugging system according to an embodiment shoWn in the 
accompanying draWings. 
[Con?guration of Debugging System] 

Referring to FIG. 3, a debugging system 1 comprises at 
least a user target system 2 to be debugged, a system LSI 10 
and an internal memory 20 on the user target system 2, and 
a debugging tool 3 positioned outside the user target system 
2 and connected to a debugging module 13 of the system LSI 
10. 

The system LSI 10 is a semiconductor integrated circuit 
in Which circuits are mounted on a silicon chip, and may be 
a bare chip or a package having a bare chip therein, for 
example. The debugging system 1 is designed in order to 
compute a great amount of information, complete informa 
tion processing on a real time basis and execute the image 
compression/expansion. Therefore, the system LSI 10 is 
constituted as a multi-processor. 

The internal memory 20 is a semiconductor integrated 
circuit in Which circuits are integrated on a silicon chip, and 
may be a bare chip or a package having a bare chip therein, 
similarly to the system LSI 10. The internal memory 20 
stores at least a debugging program, debugging data of the 
system LSI 10, and so on, and is preferably a DRAM 
(dynamic random access memory), an SRAM (static random 
access memory) Which can Write and read data. 

The debugging tool 3 is connected to the user target 
system 2 in vieW of the system con?guration, but is actually 
an external unit independent from the user target system 2 in 
vieW of hardWare. The debugging tool 3 debugs the user 
target system 2 in accordance With the debugging program. 

The user target system 2 further comprises an input/output 
(I/O) interface circuit 21, Which controls a connection to an 
external main bus of a computer system (not shoWn) pro 
vided outside the user target system 2, and receives and 
transmits visual and audio signals from and to an external 
unit. 
[Con?guration of System Board] 

Further referring to FIG. 3, the user target system 2 
comprises not only a Wiring substrate 2S but also the system 
LSI 10, I/O interface circuit 21 and internal memory 20 
Which are on the Wiring substrate 2S. In short, the user target 
system 2 is designed as a system board Which performs the 
image compression/expansion. 

The Wiring substrate 2S is preferably a printed Wiring 
substrate on Which the system LSI 10 and internal memory 
20 are mounted and Which can electrically connect the 
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6 
system LSI 10, internal memory 20 and I/O interface circuit 
21, for example. The printed Wiring substrate is constituted 
by an insulating epoxy group resin as a basic material and a 
Wiring mounted at least thereon. Alternatively, a printed 
Wiring substrate made of a ?exible poly-imide group resin, 
a ceramics substrate, a silicon carbide substrate or a silicon 
substrate may be used as the printed Wiring substrate. 

Adedicated interface terminal (a dedicated external debug 
connector) 22 is positioned near the system LSI 10 at the 
periphery of the Wiring substrate 2S, and connects the 
system LSI 10 and the debugging tool 3 via a dedicated 
debug bus 30. An I/O interface terminal 24 is provided near 
the I/O interface circuit 21 at the periphery of the Wiring 
substrate 2S in order to connect the I/O interface circuit 21 
to an external main bus, a video camera, a monitor, a speaker 
or the like Which are positioned outside a computer system. 
A memory port 23 is provided near the internal memory 

20 at the periphery of the Wiring substrate 2S, but may be 
provided at any other position. When the internal memory 
20 does not have a suf?cient capacity, the memory port 23 
is used to connect the internal memory 20 to an external 
memory. 
When the memory port 23 is a dual port type, it can 

function as an interface betWeen the user target system 2 and 
the external main bus or the like, so that the I/O interface 
circuit 21 and I/O interface terminal 24 are dispensable. 
[Con?guration of Semiconductor Integrated Circuit] 

Referring to FIG. 3, the system LSI 10 comprises: an 
internal main bus 14; ?rst and second microprocessors 11 
and 12 sharing the internal main bus 14; a ?rst debug serial 
bus 181 With one end thereof connected to the ?rst micro 
processor 11; a second debug serial bus 182 With one end 
thereof connected to the second microprocessor 12; and a 
debugging module 13 connected to the other ends of the ?rst 
and second debug serial buses 181 and 182 and transferring 
at least a debugging program and debugging data to the ?rst 
microprocessor 11 via the ?rst debug serial bus 181 and to 
the second microprocessor 12 via the second debug serial 
bus 182. In the system LSI 10, the tWo microprocessors 11 
and 12 are integrated. HoWever, the number of micropro 
cessors is not limited to 2, and may be 4, 8, . . . and so on. 

Further, the system LSI 10 comprises a memory controller 
15, a direct memory access (DMA) controller 16 and an 
input/output (I/O) controller 17, all of Which are connected 
to the internal main bus 14. 
The ?rst microprocessor 11 comprises a ?rst processor 

core 110, a ?rst bus interface unit 111 and a ?rst debug 
support unit 112. The ?rst bus interface unit 111 is connected 
not only to the ?rst microprocessor core 110 but also to the 
?rst debug serial bus 181 and the internal main bus 14. 
The ?rst debug serial bus 181 provides a monitoring 

program for the debugging task from the debugging tool 3 
to the ?rst microprocessor 11 Without via the internal main 
bus 14. The ?rst debug support unit 112 is connected to the 
debugging module 13 via a ?rst debug control bus 191, 
thereby controlling the debugging function of the ?rst 
microprocessor 11, ie the debugging tool 3 can monitor and 
control a register Which executes and controls operations in 
a debugging mode. 
The second microprocessor 12 comprises a second micro 

processor core 120, a second bus interface unit 121 and a 
second debug support unit 122. The second debug serial bus 
182 provides a monitoring program for executing the debug 
ging task from the debugging tool 3 to the second micro 
processor 12 Without via the internal main bus 14. The 
second bus interface unit 121 is connected to the second 
microprocessor core 120, second debug serial bus 182 and 
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internal main bus 14. The second debug support unit 122 is 
connected to the debugging module 13 via a second debug 
control bus 192, thereby controlling the debugging function 
of the second microprocessor 12 similarly to the ?rst debug 
support unit 112. 

In the system LSI 10, a dedicated external debugging 
terminal (bonding pad) 130 is connected to and is provided 
near the debugging module 13. Further, the dedicated exter 
nal terminal 130 is connected to a dedicated debug interface 
terminal 22 of the user target system 2. In short, the 
debugging module 13 and the debugging tool 3 are con 
nected via the dedicated external debug terminal 130, dedi 
cated debug interface terminal 22 and dedicated debug bus 
30. 

In the system LSI 10, the debugging module 13 is directly 
connected to the internal main bus 14 via a direct bus 183. 

In this embodiment, the system LSI 10 is constituted by 
the ?rst and second microprocessors 11 and 12 Which 
execute the user mode and debugging mode, and share the 
internal main bus 14. The modes executed by the ?rst and 
second microprocessors 11 and 12 are independently 
controlled, and are continuously monitored by the ?rst and 
second bus interface units 111 and 121 in order to detect a 
change of a mode executing state of the ?rst or second 
microprocessor 11 or 12. In synchroniZation With the change 
of the mode executing state, either the ?rst or second 
microprocessor 11 or 12 Will be shifted to the debugging 
mode, Which enables the ?rst and second microprocessors 
11 and 12 to have the debugging function. 

The debugging module 13 can perform memory access, 
Which is necessary for executing the debugging program, to 
the internal main bus 14 via the direct bus 183, compared 
With the memory access performed by the ?rst and second 
microprocessors 11 and 12. Therefore, it is possible to 
maintain not only the state of the internal main bus 14 When 
there is a bug but also the con?icting state of the micropro 
cessors 11 and 12, and to restore the maintained con?icting 
state. Further, the folloWing operations can be synchro 
nously carried out: the ?rst microprocessor 11 performs the 
memory access via the ?rst debug serial bus 181 Which is 
independent from the internal main bus 14; the second 
microprocessor 12 performs the memory access via the 
second debug serial bus 182; and the same data are simul 
taneously supplied to the ?rst and second microprocessors 
11 and 12. This is effective in accelerating the execution of 
the debugging program. 

The debugging module 13 is directly connected to the 
internal main bus 14 and gains access to a memory space of 
the internal memory 20 Without via the ?rst and second 
microprocessors 11 and 12, both of Which are accessible to 
the memory space. 

The internal main bus 14 and the dedicated debug bus 30 
(including 10 the dedicated external debug terminal 130 and 
dedicated debug interface terminal 22) are used to enable the 
debugging tool 3 to directly access the internal memory 20 
and so on Which are indirectly connected on the internal 
main bus 14. 

(a) Con?guration of Debugging Module 
Referring to FIG. 4, the debugging module 13 comprises 

at least a multi-debug control register 131, a debug control 
register 132, an address register 133, a byte enabling register 
134, a data register 135, an external debug interface 136, a 
debug serial bus conversion circuit 137, a debug serial bus 
selector 138 and an internal DMA controller 139. 

The external debug interface 136 is connected to the 
multi-debug control register 131, debug control register 132, 
address register 133, byte enabling register 134 and data 
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8 
register 135. The external debug interface 136 receives 
debug task setting data from the debugging tool 3 via the 
dedicated debugging bus 30. The multi-debug control reg 
ister 131, debug control register 132, address register 133, 
byte enabling register 134 and data register 135 set the 
debugging task on the basis of the received data. The 
external debug interface 136 provides the set contents to the 
debugging tool 3 via the dedicated debugging bus 30. 
The multi-debug control register 131 is connected not 

only to the ?rst debug support unit 112 of the ?rst micro 
processor 11 via a ?rst debug control bus 191 but also to the 
second debug support unit 122 of the second microprocessor 
12 via the second debug control bus 192. The multi-debug 
control register 131 monitors the operating states of the ?rst 
and second microprocessors 11 and 12. When either the ?rst 
or second microprocessor 11 or 12 is put into a debug state 
due to breaking or the like, the multi debug control register 
131 takes measures against the debug state, ie issues debug 
interruption signals to both of the ?rst and second micro 
processors 11 and 12 in order to forcibly place them in the 
debugging mode. Further, as soon as either the ?rst or 
second microprocessor 11 or 12 starts the debugging mode, 
the multi-debug control register 131 issues the debug inter 
ruption signal to the ?rst or second microprocessor 11 or 12. 
The multi-debug control register 131 transmits a debug 

serial bus signal selecting to the debug serial bus selector 
138. In response to the debug serial bus selecting signal, the 
debug serial bus selector 138 selects either the ?rst or second 
debug serial bus 181 or 182. The debug serial bus conversion 
circuit 137 is activated by a debug start serial signal trans 
mitted from the debug control register 21. In response to the 
activation of the debug serial bus conversion circuit 137, 
data are exchanged between the selected ?rst or second 
debug serial bus 181 or 182, address register 133, byte 
enabling register 134 and data register 135. The debug 
starting serial signal is issued When the ?rst microprocessor 
11 connected to the selected ?rst debug serial bus 181 or the 
second microprocessor 12 connected to the selected second 
debug serial bus 182 is in the debugging mode. 
The debug control register 132 issues a DMA starting 

signal to the internal DMA controller 139 in order to activate 
it. When activated, the internal DMA controller 139 per 
forms the memory access to the internal main bus 14 on the 
basis of the debugging task data stored in the address register 
133, byte enabling register 134 and data register 135. As a 
result, regardless of the debugging mode of the ?rst or 
second microprocessor 11 or 12, the debugging tool 3 
(shoWn in FIG. 3) is connected to the internal main bus 14 
via the debugging module 13 and performs the memory 
access thereto. 

(b) Con?guration of Debug Control Bus 
Referring to FIG. 5, each of the ?rst and second debug 

control buses 191 and 192 is a group of Wirings for trans 
ferring at least a DINT signal, a Dm signal and a DStl signal. 

Functions of the foregoing signals Will be described With 
respect to the ?rst microprocessor 11. When the ?rst micro 
processor 11 starts the debugging mode, the ?rst processor 
core 110 outputs a debugging mode notifying signal to the 
?rst debug supporting unit 112, Which outputs the Dm signal 
to the debugging module 13 in order to notify that the 
debugging mode is being started. 
The debugging mode notifying signal is asserted under 

the folloWing conditions 1, 2 and 3. 
Under the condition 1, the ?rst debug support unit 112 

receives and detects the DINT signal. The Dm signal is 
produced When the ?rst debug support unit 112 outputs the 
debug interruption demanding signal to the ?rst processor 
core 110 on the basis of the detected result. 
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Under the condition 2, the Dm signal is issued When the 
?rst debug support unit 112 detects the debug interruption 
signal, and outputs the debug interruption demanding signal 
to the ?rst processor core 110. 

Under the condition 3, the Dm signal is issued When the 
?rst processor core 110 executes a debug excluding demand 
and shifts to the debugging mode. 

Receiving the DStl signal, the ?rst debug support unit 112 
outputs a core-stall requesting signal to the ?rst processor 
core 110. The ?rst microprocessor 11 delays executing the 
user mode While the core-stall demanding signal is being 
outputted. Further, the core-stall demanding signal is used as 
a delay demanding signal for enabling the ?rst and second 
microprocessors 11 and 12 to start the user mode in syn 
chroniZation. 

The foregoing description is also applicable to the second 
microprocessor 12, and Will not be repeated here. 

(c) Con?guration of Debug Serial Bus and Bus Interface 
Unit 

Referring to FIG. 6, each of the ?rst and second debug 
control buses 191 and 192 is a group of Wirings for trans 
ferring at least a DBSEL signal, a DSDAO signal and a 
DBSDI signal. The ?rst debug serial bus 181 has its one end 
connected to the ?rst bus interface unit 111 of the ?rst 
microprocessor 11 and the other end thereof connected to the 
debugging module 13. The second debug serial bus 182 has 
its one end connected to the second bus interface unit 121 of 
the second microprocessor 12 and the other end thereof 
connected to the debugging module 13. 
As shoWn in FIG. 6, each of the ?rst and second bus 

interface units 111 and 121 is provided With at least the main 
bus/debug bus control circuit 140, parallel-to-serial conver 
sion circuit 141, serial-to-parallel conversion circuit 142, 
and selector 143. 

In the ?rst microprocessor 11, the debug mode notifying 
signal is transmitted to the main bus/debug bus control 
circuit 140 from the ?rst processor core 110. In response to 
this signal, the main bus/debug bus control circuit 140 
selects a signal for the memory access to the internal main 
bus 14 and the debug serial bus 181. The signal used for the 
memory access is an REQ signal, an ACK signal, an ERR 
signal, the address signal, the byte enabling signal, a read/ 
Write demanding signal, data signal or the like. 

While the debug mode notifying signal is being 
transmitted, the selector 143 provides the parallel-to-serial 
conversion circuit 141 With the address signal, byte enabling 
signal, read/Write demanding signal and data signal in 
response to a selection signal from the main bus/debug bus 
control circuit 140. On the other hand, during the absence of 
the debug mode notifying signal, the selector 143 sends all 
of the demands related to the memory access to the internal 
main bus 14 in response to the selection signal. 

In response to the DBSEL signal from the debugging 
module 13, the main bus/debug bus control circuit 140 sends 
a conversion starting signal to the parallel-to-serial conver 
sion circuit 141. Thereafter, the parallel-to-serial conversion 
circuit 141 converts the signals related to the memory access 
into the DSDAO signal, and starts transferring the serial 
data. When data reading is requested, the serial-to-parallel 
conversion circuit 142 receives data as the DBSDI signal 
from the debugging module 13, and converts the received 
data. After converting the data, the serial-to-parallel conver 
sion circuit 142 transmits a conversion completing signal to 
the parallel-to-serial conversion circuit 141. Further, the 
converted data are transmitted to the ?rst processor core 110 
via the selector 143. 

The REQ, ACK and ERR signals Which serve as control 
signals for the memory access are produced in response to 
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10 
the conversion starting and completing signals. The serial 
data are transferred as the DSDAO and DBSDI signals When 
the main bus/debug bus control circuit 140 receives the 
DBSEL signal. 
The foregoing description is also applicable to the second 

microprocessor 12, and Will not be repeated here. 
(d) Con?guration of Dedicated Debug Bus 

Referring to FIG. 7, the dedicated debug bus 30 connects 
the debugging module 13 to the external debugging tool 3, 
and is a group of Wirings for transferring at least a TCK 
signal, a TRST* signal, a TMS signal, a TDI signal and a 
TDO signal. The dedicated debug bus 30 transmits these 
signals to the debugging tool 3 via the external debug 
interface 136 of the debugging module 13. The external 
debug interface 136 also receives a RESET signal. 

Receiving the RESET signal, the external debug interface 
136 Will be reset. Receiving the TRST* signal, only the 
external debug interface 136 Will be reset. The TCK and 
TMS signals are used for the external debug interface 136 to 
determine a register setting state. The TDI signal is used to 
select a register to be used actually and to assure a register 
setting value. The TDO signal is used to monitor the 
determined state of the register setting value. 
[Operation of Debugging System] 
The debugging system 1 performs its essential operations 

such as the operation control and resource access as 
described hereinafter With reference to FIG. 8 to FIG. 13. 

(a) Execution Operation Control: Stopping Normal 
Operation 
The most essential operation of the debugging system 1 is 

to stop the normal operation of the ?rst and second micro 
processors 11 and 12. 

(1) As shoWn in FIG. 8, the debugging tool 3 orders the 
debugging module 13 to let the ?rst and second micro 
processors 11 and 12 simultaneously shift to the debug 
ging mode and stop the normal operation (step S10). 

(2) Thereafter, the debugging module 13 transmits the 
debug interruption demanding signal to the ?rst and 
second debug control buses 191 and 192 (step S13). 

(3) In response to the foregoing signal, the ?rst and 
second microprocessors 11 and 12 stop the normal 
operation, and shift to the debugging mode (steps S13 
and S14). 

(4) The ?rst and second microprocessors 11 and 12 inform 
the debugging module 13 of the shift to the debugging 
mode via the ?rst and second debug control bus 191 
and 192, respectively. 

(5) The debugging tool 3 orders the debugging module 13 
to check Whether or not the ?rst and second micropro 
cessors 11 and 12 are in the debug state (step S15). The 
debugging module 13 monitors the debug state of the 
?rst and second microprocessors 11 and 12 (step S16). 
The debugging tool 3 keeps on issuing the foregoing 
order until the debug state of the ?rst and second 
microprocessors 11 and 12 is con?rmed (step S17). 

(6) The ?rst and second microprocessors 11 and 12 
transmit a debug state fetching instruction to the ?rst 
and second debug serial buses 181 and 182, and stop 
operating (steps S18 and S19). 

In the foregoing essential operations of the debugging 
system 1, the ?rst and second microprocessors 11 and 12 can 
stop their operations When the instruction fetching demand 
and the data access are transmitted to the ?rst and second 
debug serial buses 181 and 182. In short, during the debug 
ging operation, the memory access can be performed only to 
a particular address area via the ?rst or second debug serial 



US 6,918,058 B2 
11 

bus 181 or 182. Further, this memory access can be per 
formed at the beginning of the debugging operation. 
Therefore, the debugging task can be started Without using 
the internal main bus 14. Even if the internal main bus 14 
suffers from bugs, the debugging task can be started Without 
destroying the state of the internal main bus 14. 

(b) Execution Operation Control: Resuming Normal 
Operation 

The ?rst and second microprocessors 11 and 12 stop the 
debugging mode, and resume the normal operation as 
described hereinafter. In this embodiment, the debugging 
system 1 does not have hardWare for directly ordering the 
normal operation, Which can reduce a manufacturing cost. 
The normal operation can be carried out When the ?rst and 
second processor cores 110 and 120 of the ?rst and second 
microprocessors 11 and 12 execute the instruction. 

(1) Referring to FIG. 9, in the debugging system 1, the 
debugging tool 3 orders the debugging module 13 to 
delay resuming the normal operation even When the 
?rst and second microprocessors 11 and 12 respond to 
the instruction to stop the debugging mode and resume 
the user mode (step S20). 

(2) In response to the instruction, the debugging module 
13 provides a normal operation delaying signal to the 
?rst and second microprocessors 11 and 12 (step S21). 
Therefore, the ?rst and second microprocessors 11 and 
12 delay executing the normal operation instruction 
(steps S22 and S23). 

(3) First of all, the ?rst microprocessor 11 resumes the 
normal operation as folloWs. The debugging tool 3 
instructs the debugging module 13 to select the ?rst 
debug serial bus 181 and ?rst microprocessor 11 to 
Which the normal operation resuming demand is trans 
mitted (step S24). Then, the debugging module 13 
selects the ?rst debug serial bus 181 (step S25). The 
debugging tool 3 orders the debugging module 13 to 
transmit a normal operation resuming code to the ?rst 
debug serial bus 181 (step S26). The debugging module 
13 provides the normal operation resuming instruction 
to the ?rst microprocessor 11 via the ?rst debug serial 
bus 181 (step S27). The ?rst microprocessor 11 tries to 
resume the normal operation in response to the normal 
operation resuming instruction (step S28). HoWever, 
since the normal operation resuming instruction is 
delayed as described above (step S22), no normal 
operation Will be actually resumed. The ?rst micropro 
cessor 11 informs the debugging module 13 that the 
debug state is canceled in response to the normal 
operation resuming instruction. 

(4) The second microprocessor 12 resumes the normal 
operation as described hereinafter. The debugging tool 
3 orders the debugging module 13 to select the second 
debug serial bus 182 and the second microprocessor 12 
to Which the normal operation resuming demand is 
supplied (step S29). The debugging module 13 accord 
ingly selects the second debug serial bus 182 (step 
S30). The debugging tool 3 orders the debugging 
module 13 to transmit the normal operation resuming 
code to the second debug serial bus (step S31). 
Therefore, the debugging module 13 transmits the 
normal operation resuming demand to the second 
microprocessor 12 via the second debug serial bus 182 
(step S32). The second microprocessor 12 tries to 
resume the normal operation (step S33). HoWever, 
since the normal operation resuming instruction is 
delayed in this state as described above (step S23), the 
normal operation cannot be resumed. In response to the 
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normal operation resuming instruction, the second 
microprocessor 12 informs the debugging module 13 
that the debug state is canceled. 

(5) The debugging tool 3 orders the debugging module 13 
to monitor Whether the ?rst and second microproces 
sors 11 and 12 are released from the debug state (steps 
S34, S35 and S36). 

(6) The debugging module 13 con?rms that the ?rst and 
second microprocessors 11 and 12 have been released 
from the debug state, and informs this to the debugging 
tool 3 (step S35). Thereafter, the debugging tool 3 
orders the debugging module 13 to cancel the normal 
operation delaying instruction for the ?rst and second 
microprocessors 11 and 12 (step S37). 

(7) The debugging module 13 orders the ?rst and second 
microprocessors 11 and 12 to cancel the normal opera 
tion delaying instruction (step S38). As a result, the ?rst 
and second microprocessors 11 and 12 resume the 
normal operation (steps S39 and S40). 

The ?rst and second microprocessors 11 and 12 can 
resume the normal operation Without using the internal main 
bus 14 as described With respect to the stopping of the 
normal operation. In short, the normal operation can be 
resumed Without destroying the state in Which the internal 
main bus 14 stops the normal operation. 

Further, the debugging system 1 can delay ordering to 
resume the normal operation, so that timing to let the ?rst 
and second microprocessors 11 and 12 resume the normal 
operation can be easily controlled. In other Words, the ?rst 
and second microprocessors 11 and 12 can resume the 
normal operation at the same time or at different times. For 
instance, it is possible to arti?cially create a state in Which 
a plurality of microprocessors are synchronously operated 
and scramble for one resource (eg the internal memory 20, 
I/O interface 21 or the like). Therefore, bugs can be ef? 
ciently detected, i.e. the debugging task can be effectively 
carried out. 

(c) Execution Operation Control: Synchronously Stop 
ping Normal Operation 

In the debugging system 1, the ?rst and second micro 
processors 11 and 12 stop operating synchronously as 
described hereinafter. 

(1)As shoWn in FIG. 10, the debugging tool 3 informs, via 
the dedicated debug bus 30, the debugging module 13 
that the ?rst and second microprocessors 11 and 12 
should be synchronously stopped (step S41). The 
debugging module 13 prepares for synchronously stop 
ping the ?rst and second microprocessors 11 and 12 
(step S42). 

(2) The debug interruption instruction is issued at a break 
point in the ?rst microprocessor 11. In response to the 
debug interruption instruction, the ?rst microprocessor 
11 shifts to the debug state, and noti?es the debugging 
module 13 that the ?rst microprocessor 11 shifts to the 
debug state (step S43). The ?rst microprocessor 11 
stops operating With a debug state fetching request 
transmitted to the ?rst debug serial bus 181 (step S44). 

(3) The debugging module 13 monitors changes in the 
debug state of the ?rst and second microprocessors 11 
and 12 (step S45). When detecting that there is a change 
in the debug state of the ?rst microprocessor 11 (step 
S46), the debugging module 13 requests the second 
microprocessor 12 to shift to the debugging mode in 
accordance With the setting for the synchronous stop 
target (step S47). 

(4) Thereafter, the second microprocessor 12 shifts to the 
debugging mode, informs this to the debugging module 










